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376a Tuesday, February 10, 2014GB3 and Ubiquitin, when bound to AuNPs. We find no significant changes in
slow HDX rates (5-300 min), suggesting that AuNP-induced structural changes
are small for these two proteins. Together, these results support a model where
most of a protein’s native contacts are preserved upon adsorption, although
larger changes may occur over long timescales.
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The Lon protein is a protease belonging to the superfamily of ATPases Asso-
ciated with diverse cellular Activities (AAAþ). Its main function is the control
of protein quality and the maintenance of proteostasis by degrading misfolded
and damaged proteins, which occur in response to numerous stress conditions.
Lon protease has been also shown to participate in regulation of levels of tran-
scription factors that control pathogenesis, development and stress response.
Furthermore, it seems to play an important role in aging, and it is supposed
to be involved in mtDNA replication, translation, or repair. We focus our inter-
est on the structure of human mitochondrial Lon (hLon) protease whose altered
expression levels are linked to some severe diseases, such as epilepsy, myop-
athy, or lateral sclerosis.
At the moment, it is assumed that Lon subunits assemble into oligomeric struc-
tures whose conformations are supposed to differ at ATP, ADP, and protein
substrate binding. However, neither the full 3D structure of the Lon holoen-
zyme nor the mechanism of Lon’s action is known. Several sub-structures of
bacterial and human Lon have been resolved by X-ray scattering, and one
3D structure of an E. Coli Lon dodecamer active at physiological protein con-
centrations was resolved with electron microscopy.
Here, we present two conformations of an ADP-bound hLon S885A mutant ob-
tained as a result of cryo-EM data analysis. The S885A mutant has a point mu-
tation on the proteolytic domain, which completely disables its proteolytic
function but does not affect its ATP-binding properties. The 3D reconstructions
reveal that human Lon is a hexamer whose proteolytic and ATPase domains are
arranged into a helix. The opening and pitch of the helix depend on the N-ter-
minal domain interactions. These structures provide an insight toward the un-
derstanding of the protein mechanism of action.
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The phosphoenolpyruvate-dependent carbohydrate phosphotransferase system
(PTS) is a sugar uptake system unique to bacteria. It is a multicomponent system
consisting of several cytosolic proteins and a dimeric transmembrane protein
(EIIC inmost PTS systems),which transports extracellular sugar across themem-
brane.AlthoughEIIC is a uniporter, it is able to drive concentrative transport of its
ligand because the sugar is phosphorylated by a cytosolic protein, EIIB,while still
bound to the transporter. Phosphorylation prevents the sugar from escaping the
cell and primes it for consumption by the cell. Little is known regarding themech-
anism of sugar translocation and phosphorylation. Currently, the only available
crystal structure of an EIIC is that of the N,N0-diacetylchitobiose transporter,
bcChbC (1). We have proposed a mechanism for sugar translocation and phos-
phorylation, and we will report our progress in characterizing the mechanism.
Reference
1. Cao Y, Jin X, Levin EJ, et al. Crystal structure of a phosphorylation-coupled
saccharide transporter. Nature. 2011;473(7345):50-4.
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Many cellular processes are impacted by signaling through receptor and non-
receptor kinase proteins. These include such diverse cellular actions as prolifer-
ation, differentiation, and motility, as well as tissue level phenomena such as
angiogenesis and development. This important role in the cell is reflected also
in the relative overrepresentation of kinases among known cancer mutations
to proteins. In order to better understand the functional effects of thesemutations,
we have developed computationalmethods that seek to predict the effect of point
mutations on kinase activation. By predicting whether a givenmutation causes akinase to be more active, we can gain insight into the overall impact of the mu-
tation on cell phenotype and give insight to clinicians on patient cohorting for
efficacious treatment with targeted kinase inhibitors. We have developed two
separate but complementarymethods to predict kinase activation status. The first
uses molecular dynamics (MD) simulations and scoring criteria to predict if a
mutation preferentially stabilizes the protein’s active state. As a complimentary
approach toMD,we have developedmachine learning techniques that utilize the
method known as support vector machines to predict whether mutations in a
large number of kinases (>450) are activating. This method has proven to be
almost as effective at predicting activation mutations as the mechanistic picture
gained from MD simulations. We think these methods are both broadly appli-
cable and have the potential to greatly impact both our understanding of mech-
anisms of kinase activation aswell as to guide best practices in the clinical setting
of targeted therapy in cancer treatment.
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The interconversion between the inactive and active state is the heart of
signaling. This process has traditionally been described by the two correspond-
ing structures, sometimes complemented with kinetic data. However the ques-
tion of how these folded states interconvert is largely unknown due to the
inability to experimentally observe the transition pathways.
Here we present a recent investigation of the full free energy landscape of the
receiver domain of the response regulator NtrC (NtrC ) by combining several
computational methods including the string method, Markov state models of
massive unbiased MD simulations, and long MD simulations on ANTON,
with new NMR structural data.
The results unveil several unexpected features underlying efficient signaling:
The active and inactive states have to be considered purely in kinetic
terms. The functional need of attaining a stable and well-defined conformer,
crucial to the active form of the protein, is absent in the inactive state. The inac-
tive state comprises a structurally heterogeneous collection of sub-states that
interconvert on timescales shorter than the transition to the active state. The
transitions between the two functional states occur through multiple pathways
characterized by transition states with dramatically different structural features.
In addition to this entropic lowering of the transition barrier, a number of
polar side-chains engage in unspecific transient interactions during the barrier
crossing and thus make the activation mechanism flexible, efficient and robust.
These novel findings challenge the structural paradigm of signaling and may
represent general features for functional conformational transitions within the
folded state.
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Trehalose has been used in food, cosmetic, and biotechnological industries due to
its exceptional stability. Trehalose synthase (TS) catalyzes a simple conversion of
inexpensivemaltose into trehalose andhencehas a great potential. TSconsists of a
catalytic (b/a)8 barrel, a subdomainB, a C-terminal b domain and twoTS-unique
subdomains (S7 and S8). The apo TS structures fromMycobacterium smegmatis
and M. tuberculosis showed an unusual inactive conformation, in which the
S7 loop blocks the substrate-binding pocket. Here we report structural and
mutational studies of TS from Deinococcus radioduran (DrTS). The complex
structures of DrTS with the inhibitor Tris share high homology with the
substrate-bound sucrose hydrolase, amylosucrase, and sucrose isomerase, partic-
ularly virtually identical active-site architectures. A maltose was modelled into
the active site and subsequent mutational analysis suggested that Tyr213,
Glu320, and Glu324 are essential for the TS activity. In addition, the interaction
networks between subdomains B and S7 seal the active-site entrance. Disruption
of such networks through replacement of Arg148 and Asn253 with alanine re-
sulted in a decreased isomerase activity but an increased hydrolase activity.
The R148A and N253A structures showed a small pore created for water entry.
Tuesday, February 10, 2014 377aUnexpectedly, the apo N253F mutant with ~80% of hydrolase activity but no
detectable isomerase activity showed a strikingly different conformation, in
which the Bb1-Bb2 loop in subdomain B is disordered, and the subdomain B ro-
tates away to create an open active site. Interestingly, this mutant displays a high
structural similarity to the apo sucrose hydrolase. Therefore, our DrTS-N253F
structure may represent an open conformation for the apo TS, while the DrTS-
Trismay represent a substrate-induced closed conformation that will facilitate in-
tramolecular isomerization and minimize disaccharide hydrolysis.
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The extreme C-terminus of titin (termed the M10 domain) binds to the N-ter-
minus of obscurin in the M-band of skeletal muscle cells. Multiple M10 muta-
tions are linked to limb-girdle muscular dystrophy type 2J (LGMD2J) and tibial
muscular dystrophy (TMD) in humans. The high-resolution structure of M10
has been solved, along with M10 bound to an obscurin-like target. However
the effect of the M10 mutations on protein structure and binding has not
been thoroughly characterized. Here we express all four of the naturally occur-
ring human M10 missense mutants and biophysically catalogue them. Three of
the four mutations are severely misfolded, and are binding incompetent. One
mutation, I57N (also called the Belgian mutation), shows no significant struc-
tural, dynamic, or binding differences from the wild-type domain. We suggest
that this mutation is not directly responsible for muscle wasting disease, but is
instead merely a silent mutation found in symptomatic patients.
Protein Dynamics and Allostery II
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Metalloproteins form a major class of enzymes in the living system and are
involved in critical biological functions such as catalysis, redox reactions and
as ‘‘switches’’ in signal transductions. Iron dependent repressor (IdeR) is a
metal-sensing transcription factor that regulates free iron concentration in
Mycobacterium tuberculosis. IdeR is also known to promote bacterial viru-
lence, making it an important protein for therapeutics.
In this study, we have employed molecular dynamic simulations on different
binding states of IdeR in the presence and absence of iron to study its influence
on protein function. Structures were investigated using hydrogen bonds and
protein structure networks and displayed significant variation between the
metallated and the non-metallated systems. Briefly, we could establish the
role of iron in stabilizing the monomeric unit of IdeR which in turn promotes
protein dimerization. Two major monomer conformations, ‘‘open’’ and
‘‘closed’’ were identified and their geometrical parameters were also quantified.
Perhaps, the most striking results are obtained from the simulations of the IdeR-
DNA complex in the absence of metals, where the protein subunits are seen to
dissociate away from the DNA quite rapidly. Such drastic changes in the IdeR-
DNA interactions not only provide molecular insights about the role of iron, but
also about the mechanism of DNA binding and unbinding. Based on the
ensemble structure analysis, we suggest the role of iron as a possible allosteric
effector that enhances the IdeR-DNA interactions.
Our simulation results enable us to understand the sequence of events that
govern IdeR-DNA binding in the presence of iron.
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Proteins exhibit dynamic behavior that is constrained by the hydrogen bond
network (HBN). Previous work [Tong Li, et. al. PLoS ONE 9(3) 2014] on a
set of six single chain Fv (scFv) anti-lymphotoxin-b receptors demonstrated
that there is a redistribution of flexibility upon mutation due to changes in
the HBN. The observed redistribution occurs due to enthalpy-entropy compen-sation in the native state ensemble. Moreover, the shifts in rigidity and flexi-
bility follow the Le Chaˆtelier’s principle, meaning increased rigidity is offset
by increased flexibility elsewhere. Extending this work further, the thermody-
namic and mechanical response is calculated for localized mechanical pertur-
bations that reduce conformational entropy along the protein backbone. At
each mechanical perturbation site all other residues that have significant
changes in flexibility are identified. Some perturbation sites yield no statisti-
cally significant response, and others yield a response that is spatially localized
near the perturbation site. A relatively small fraction of perturbations generate
strong distal responses, indicating they are putative allosteric sites. Importantly,
the allosteric pathways that carry the distal changes in flexibility or rigidity are
linked to fluctuations in the HBN, which also depend on the redistributions of
rigidity and flexibility that occur upon mutation. Mutations induce a population
shift that changes the most probable constraint networks in the equilibrium
ensemble, and alter the mechanical signaling pathway through the modification
of the HBN. Interestingly, a reciprocal relation is observed among conjugate
response and perturbation sites, such that they can be interchanged in their
role. A comparative analysis on response maps due to perturbation is made
across all six mutant structures, which provide important insight into how sen-
sitive allosteric mechanisms are within antibody fragments.
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Relevance of mode coupling to energy/information transfer during protein
function, particularly in the context of allosteric interactions is widely accepted.
However, existing evidence in favor of this hypothesis comes essentially from
model systems. We here report a novel formal analysis of the near-native pro-
tein dynamics which allows us to explore the impact of the interaction between
(possibly non-Gaussian) vibrational modes on fluctutational dynamics. We
show that, an information-theoretic measure based on mode coupling alone
yields a ranking of residues with a statistically significant bias favoring the
functionally critical locations identified by experiments.
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Antibody IgG molecule is a ‘‘Y’’ shape protein. It has two Fab regions and one
Fc region. Fab regions bind to the antigens. Hinge region connects a Fab region
to the Fc region.
High-speed AFM (HS-AFM), developed by Prof. Ando in Kanazwa University,
can observe dynamic behavior of motor protein, myosin as movie without
chemical fixing or stain treatment (1, 2).
We observed IgG in solution using HS-AFM. ‘‘Y’’ shape of IgG was imaged
clearly, and Fab and Fc regions were distinguished. The Fab regions moved
in torsional direction like swinging arms. This behavior depends on flexible
structure of hinge regions. We analyzed the Fab swivel movements as random
walks, and estimated the flexibility of the IgG hinge region.
The flexible nature of hinge region contributes for the antibody to bind to the
antigen. For the first time, we have identified the swinging nature of this soft
structure, which is important for antibody function. The lacking of swing move-
ment would lead to reduce binding between antibody and antigen (3).
HS-AFM can directly observe dynamic behaviors of biomolecules as movie in
solution, and reveal functions in detail.
1. T. Ando et al., Proc. Natl. Acad. Sci. USA. 98, 12468- (2001).
2. N. Kodera et al., Nature 468: 72- (2010)
3. J. Preiner et al., Nature Communications 5: 4394- (2014).
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Molecular dynamics (MD) trajectories are very large data sets that contain
substantial information about the dynamic behavior of a protein. Condensing
these data into a form that can provide intuitively useful understanding of
